The year 2010, has been a year of major disaster related to floods in China, Pakistan, India, Bangladesh, Myanmar and in Central and Eastern Europe (Germany, Poland and Czech Republic). In Pakistan, floods have claimed over 1600 lives and over two million people were left homeless. In India-administered Kashmir, the number of dead in flash floods has risen to 165. Floods across 28 provinces in China this year have killed 1800 and caused US$10bn worth of damage. The massive downpours have caused mudslides, which have killed more than 1117; not least in Wenchuan, Sichuan where people are still recovering from the suffering of the massive earthquake of May 2008. There is a concern that supplies of clean drinking water could become contaminated in these countries due to the flood disaster.
The increasing frequency of natural disasters, not least floods, and the devastation caused were highlighted by my editorial of June 2010 [1] . The paper stressed the importance to learn from the experiences of these natural disasters and that future planning and development of the built environments should include consideration of earthquakes and floods. For many people around the World, particularly in developing countries, the dangers associated with flooding are serious. Houses in many countries can be destroyed instantly as a result of heavy rain and flooding. Whether those floods were induced by climate change, is difficult to say, but these are examples of how some areas in the World are struggling to cope with such situations.
Although heavier rainfall is expected due to global warming, other factors also play a vital role, such as deforestation and drainage of wetlands to make way for development. Their disappearance has increased the flood risk. Coastal areas around the World can be threatened as sea levels rise. Land used for agricultural and commercial purposes around the coast could be affected drastically, threatening the livelihoods of millions of people. Already some countries are spending millions of dollars (or equivalent) to build levees (e.g. in New Orleans following the flood disaster due to Hurricane Katrina); dykes, embankments or flood-banks to provide flood defence against future rises in river or sea water, keeping residents safe and in large floods, the vital time period to save lives and their properties.
Flood control has been practiced since ancient times with methods such as reforestation, and the construction of levees, dams, reservoirs and channels diverting floodwater, called floodways. Levees were used by the ancient Chinese to raise the banks of the Yellow River. Much of the problem stems from the high silt content of the river, as much as 60% by weight; millions of tons of yellow mud have choked the channel (hence Yellow River), causing the river to overflow and change course. Water is held in by dykes of ever increasing height, some reaching over 9.1 m and more. Attempts at controlling the Yellow River began as early as the third century BC by a general called Yu who dredged up the river to divide river flow into channels. Great Yu became the Emperor of China later for saving thousands of lives and livelihood supported by the agricultural land [2]. Over the years, the Chinese have tried to control the Yellow River by building higher levees or dykes, digging channels and building dams. The river flow could be diverged to various channels and if deepened, would contain the flow to minimise flood. However, the flow would bring with it, a continuous battle to remove silt, the alluvial soil building up on the river bed and over time the deposit level would cause flooding. In 1887, the flood water rose as much as 21 m above the flood plain, and broke through the levees killing over one million people -one of the worst floods ever recorded [3].
In the Middle Ages, levees were constructed to contain the rivers Rhine, Danube and Po in Europe. However, in recent times these levees would require further defensive strategies such as reforestation and reservoirs to reduce the river flow to contain floods from occurring. In Mississippi in America, because of the disastrous flood that occurred in 1927, the river flow had been restricted into channels by the longest system of levees in the world while also ensuring a suitable navigable depth for shipping. The levees system has provided protection against flood to a large extent and recently, construction of dams and floodways have been required to supplement the flood defence strategy. The Mississippi river now has 29 locks and dams, hundreds of runoff canals and miles and miles of levees. The system has worked remarkably well for majority of the time, but in 1993, flood destroyed 80% of private earthen levees, though most of the federal levees held, saving lives and land. However, some broke and the torrent of flood water, guided by the unbroken levees, was directed towards less protected land and urban areas with devastation [4] .
Dams are the most effective mechanism for controlling floods, but the high silt loading in the river can be a problem. To combat flooding in the Yellow River, the Chinese have constructed a massive dam called the Xiaolangdi Multipurpose Dam Project [5] . The project consists of 10 inlet towers, 9 flood and sediment tunnels, 6 power tunnels, one underground power plant tunnels and one graded earth and rock fill dam with a 154 m inclined impervious core and a 1,317 m long crest. The power plant has six 300 MW turbine and generator units, totalling 1800 MW of installed capacity and an annual energy output of 5.16 GWh. It is hoped that the structure will at last give a safer heaven that would mitigate ''China's Sorrow''. Although dams were originally intended for flood control, these are now some of the major generators of hydro-electric power for China; including the Three Gorges Dams [6] , which is the largest hydroelectric generating dam in the world, with a total capacity eventually reaching 22,500 MW. Hydro-electric power generation has zero carbon emission, it is the Canadian's preferred way to harness the natural power of wild rivers and great water falls for electricity generation for the build and built environments, while contributing to the reduction of green-house gas emissions, mitigating one of the important concerns that has been associated with China's rapid urban and industrial developments. The construction of the dam has enhanced the river's shipping capacity and reduced the potential for floods downstream by providing flood storage space. However, there are also adverse environmental impacts; the construction of dams could have important ecological and social impacts, not least the destruction of some historical and cultural sites and displacement of inhabitants living in the areas.
Dams were originally built for water storage, irrigation and power creation. Recently dams have been built especially for flood control. The dams closest to the origins of the tributaries restrain the floodwaters while the dams further downstream release their reserves and the flood waters would then be released into each succeeding dam and finally into the main river. Floodways are important method of flood control that divert flood waters to a controlled area which becomes a lake, leaving other areas not flooded. These flood control systems would also be useful to combat droughts.
The Netherlands is the world leader in flood control and has been battling against the sea for centuries and new ways to deal with water are constantly being developed and tested [7] . Netherlands was originally one large delta area and cities were built in land below sea levels, reclaimed after flood. The first step was to build dams and then locks to allow passage of ships and boats and then the canal channels. The great flood of 1953 in provinces of Zeeland and zuid-Holland killed countless lives and this led to the development of the Delta projects. Initiatives have included the underground storage of water, storing water in reservoirs in large parking garages and even turning a playground into a small lake during heavy rainfall. All these have demonstrated the ingenuity of the Netherlands' authorities, architects and hydraulic engineers in their planning against rising sea levels. Residential neighbourhoods are built behind dykes on a number of islands reclaimed from the sea. These developments also have an important focus on environmental management, to ensure adequate and acceptable water quality, ecosystem protection and safety in the urban development.
In Rotterdam, an innovative village development involved a floating housing system built on 120 acres of recovered land, the so called floating and amphibian 596 Indoor Built Environ 2010;19:595-598 Yu homes [8, 9] . The idea was part of the concept ''go with the flow where safety permits it''; ''live with the water and give the rivers space and use the space for recreation as well as residential purposes'' [10] . The houses were built on floating concrete on a polystyrene foam foundation.
There are also homes that factor in the flood or the rising water. The ground floor area is for play area and storage, and the upper living area of the house would rise when there is flood to avoid any damage that would be caused. The floating house is very different to a house on dry land. There might be issues to do with transport, wastes and other utility supply to be included in the design of these houses and these would require urban strategic planning and flexible spatial planning by the local authorities. The sustainable credential of these housings would be further enhanced by utilising the surface and ground water to heat or cool the houses thus reducing the carbon footprint of the development. The flood defence system is very much part of the landscape in many countries such as Netherlands, China, America and the UK. The Thames barrier [11] is now a part of the tourist attraction in London. The development of the Thames Barrier was driven by the need to prevent flood from occurring as was experienced during the Tudor times, in the Middle Ages but the threat from the ocean and sea is still real today. The great flood of 1953 killed 300 people in the UK and over 160,000 acres of arable land were damaged. The barrier was completed in 1982 and in addition there was 11 miles of flood embankment defense down river was also raised and strengthened. The Thames Barrier was designed to protect London from flooding until at least the year 2030, based on the estimates of rising sea levels at the time it was designed. There is now doubt about whether the Barrier will serve its full-intended term. The high water level at London Bridge has risen by about 750 mm each century.
The UK has experienced heavy floods over the past decade, which have affected thousands of people and caused millions of pounds worth of damage. The rainfall in June and July 2007 was about 20% higher than ever seen before in records that go back to 1879. There are computer predictions given by experts forecasting extreme weather events leading to more frequent occurrence of flooding in the future. According to the Environment Agency [12] in the UK, some 2.3 million homes and 185,000 businesses could be at risk of flooding in England and Wales and these properties and assets could be worth over £200bn in insurance damage payment.
Adapting our homes and our environment to cope with flooding (particularly new builds) is vital for flood risk areas, such as positioning the homes on higher grounds away from flood plains and constructing with materials that are flood-proof; that withstand heavy rainfall without deterioration. The Environment Agencies throughout the UK are also looking into the problem of flood defences as there are many additional areas where these will be needed [12] . The strategy has also included the incorporation of SUDS (sustainable urban drainage system) [13, 14] . The incorporation of SUDS can provide a sustainable, healthy and pleasurable environment for the new housing community as well as an effective management of surface water drainage by attenuating excess storm water flow to reduce risk of flooding which would have a social impact on community.
Sustainability balances economic growth with environmental and social considerations. Flooding is now one of the most serious threats to the environment and social community of the majority of countries in the world and this also has an important impact on people's livelihood and the economic development of countries affected. Building of flood defences should involve an integrated spatial planning for any urban authority and in some cases, as examples illustrated, there might be a need for land to be used for storage of excess water, as well as the re-introduction of wetlands and forestry. There might be a need to build dams to combat against flood and these could offer the potential to generate hydro-electric power, which would also mitigate greenhouse gas emissions. As with all other developments, there will always be the need to balance benefits against the social and environmental impacts and for protection of citizens of every country in the world. Ecobuild challenges the innovative thinking of construction that is sustainable will have a minimum impact on the environment. Flooding is a major challenge to mankind and perhaps in future we might have to go with the flow and build on waters in many regions.
